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Objective-To evaluate whether circulating endothelin, a peptide that is thought to play a part in mediating vascular tone, might be high in pulmonary hypertensive congenital heart disease.
Design-A prospective study with a radioimmunoassay technique to estimate urinary and plasma endothelin concentrations.
Setting-A supraregional referral centre for patients with congenital heart disease.
Patients-The 12 hour urinary endothelin concentration in young children with an increased pulmonary blood flow (n = 24, median age eight months) were compared with those in children with right ventricular outflow tract obstruction (n = 14, median age 1.5 years) and with those in healthy controls (n = 16, median age 1*8 years). The concentrations were also measured in adolescents with irreversible pulmonary vascular disease (n = 17, median age 18 years) and compared with those in controls of similar age (n = 19, median age 18-5 years). Also the plasma concentrations in the left atrium and pulmonary artery were measured in young children with either high (n = 11, median age 10*8 months) or low (n = 5, median age 1 0 year) pulmonary blood flow, in the peripheral arterial and venous blood of young children with either high (n = 13, median age 10*8 months) or low (n = 6 median age 1 9 years) pulmonary blood flow, and in the peripheral venous blood of seven healthy young children (median age 17 years).
Results-The urinary excretion of endothelin was similar in young children of a similar age, whether they had high, low, or normal pulmonary blood flow. Also, urinary endothelin excretion in older patients with irreversible pulmonary vascular disease was similar to that in normal subjects of similar age. Urinary endothelin excretion in normal young children, however, was significantly greater than that in normal older subjects (p = 0.0001). There was no transpulmonary or arteriovenous difference detected in either children with high or low pulmonary blood flow, and plasma concentrations sampled from the left atrium, pulmonary artery, and systemic artery and vein were similar in both groups. In pulmonary hypertensive congenital heart disease shear stress, endothelial damage, metabolic dysfunction, and abnormal eicosanoid biosynthesis have all been implicated as contributing factors in the pathogenesis of pulmonary vascular disease.6-8 In our study we investigated the possibility that endothelin concentrations were increased in children with pulmonary vascular disease, by studying young children with a high pulmonary blood flow and older children with irreversible pulmonary vascular disease.
Conclusion

Patients and methods
We measured the 12 hour urinary excretion of endothelin (ET-1,2 and big endothelin (ET-1 ,2/ET)) and big endothelin (ET-1,2/ET)) in young children with congenital heart disease who had either a high pulmonary blood flow or a low flow due to right ventricular outflow tract obstruction ( There was no statistical difference between the mean venous endothelin concentrations in children in the high flow, low flow, and control groups (p = 0 8; fig 3) . The mean arterial ET-1,2 concentration was similar in children with a high and a low pulmonary blood flow (2p = 0 57). There was no significant difference between the peripheral arterial and venous concentrations in either the children with high flow (2p = 0 53) or the children with low flow (2p = 0 69). In the single patient in the control group who underwent cardiac catheterisation the concentrations were, in the femoral vein 12-1 fmol/ml, femoral artery 12 6 fmol/ml, and pulmonary artery and pulmonary vein 14 0 fmol/ml.
Discussion
We surmised that in the absence of renal dysfunction the 12 and 24 hour urinary excretion of endothelin might more accurately reflect the basal release of endothelin without the possible confounding influence of vessel cannulation that is known to cause increases of both endothelin and other vasoactive mediators such as eicosanoids.9-"' It also allowed us to study normal children non-invasively. We found no difference in endothelin excretion between children with heart disease and healthy controls but did find a noticeable difference between young and older subjects. This could reflect a change in the renal handling of endothelin, which is thought to be partly dependent on tubular function.'2 This is known to undergo maturational changes. '3 Increased concentrations of vasoactive mediators may be a feature of early childhood and higher plasma concentrations of endothelin have been reported in children less than three months of age.'4 The venous plasma endothelin concentrations of the young children in our series were greater than those in a small group of healthy adult investigators measured in our laboratory. The plasma concentrations of big endothelin were higher in both children with heart disease and controls suggesting that activation of big endothelin to specific endothelin may occur within the circulation.
The fate of endothelin in the lung is controversial and may be species dependent. '5 In the human lung, one recent study suggested net clearance of endothelin by the lung,'5 whereas another did not.'4 We failed to detect a peripheral arteriovenous difference or a difference across the pulmonary vascular bed in 35 children with either a high or low pulmonary blood flow. This finding does not support the concept that there is a net extraction or secretion of endothelin across the human pulmonary vascular bed. In our study the urinary excretion of endothelin was normal for age in pulmonary hypertensive children, both in young patients with potentially reversible pulmonary vascular changes and in the older patients with irreversible disease. An increase in the systemic arterial and venous concentrations of endothelin has been reported in a group of adults with primary and secondary pulmonary hypertension due to hypoxic lung disease, pulmonary thromboembolism, and the Eisenmenger syndrome.'6 We did not measure plasma endothelin concentrations in our older patients but the normal 24 hour urinary excretion of endothelin does not suggest a consistently high circulating concentration of endothelin. In our young patients the plasma endothelin concentrations were within normal limits. Yoshibayashi et al have reported increased concentrations of plasma endothelin in children with pulmonary hypertension due to congenital heart defects. 4 Their group of 18 patients, however, included five postoperative cases, and we have preliminary data indicating an increased concentration of endothelin after intracardiac repair in young children who had a normal plasma concentration before operation. '7 Although in vitro studies indicate that endothelin increases in response to shear stress,23 we could find no evidence that this is so in vivo. This, however, does not necessarily obviate a role for endothelin in the pathogenesis of pulmonary vascular disease. Children with pulmonary hypertension have morphologically abnormal endothelial cells6 7 and a resulting change in endothelial cell smooth muscle interaction might result in increased sensitivity of hypertrophied smooth muscle cells to normal concentrations of the vasoconstricting peptide endothelin. This study was supported by a grant from the British Heart Foundation
